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(54) TOROIDAL WINDING MACHINE 

(11) 63-40310 (A) (43) 20.2.1988 (19) JP 

(21) Appl. No. 6M83632 (22) 5.3.1986 

(71) ALPS ELECTRIC CO LTD (72) TAKAO IIHAMA(i) 
(51) Int. CIV H01F41/08 



PURPOSE: To make small size and simple structure and to surely insert a wire 
material in a winding hole by making an arm provided with a hand which 
holds or releases a wire material move with a turn table which supports the 
works. 

CONSTITUTION: A wire material C is drawn out from a wire reel 44. the end 
of the wire material C is grasped by the fixed position hook and the movable 
hook of a hand 15 at the receding position of a moving arm 13 and a definite 
length IS drawn out by the advance of the moving arm 13 to a definite position 
Then, a cylmder device 47 is operated, a holder 45 and a cutter 46 are raised 
the holder 45 holds the wire material C, the cutter 46 cuts the wire material 
C and then, the cylinder device 47 lowers the holder and the cutter. Then the 
hand li) is advanced by the moving arm 13 to the position of centering means 
32, a shutter is moved toward the wire material C and the wire material C 
IS positioned at the center of the winding hole of a magnetic head core W 





(54) MANUFACTRUE OF SMALL SIZE INDUCTOR 
(11) 63-40311 (A) (43) 20.2.1988 (19) JP 

(21) Appl. No. 61-182777 (22) 5.8.1986 

(71) TOHOKU METAL IND LTD (72) KATSUNORI TAKASAGO 
(51) Int. CIV H01F41/10 

PURPOSE: To accurately support an inductor element on a lead terminal by 
mounting the inductor element on the step of the piece for the lead terminal 
by pushing a lead wire between the projection provided on the piece and the 
piece and by welding the lead wire and the piece after the insulation coating 
of the lead wire is separated by heat. 

CONSTITUTION: An inductor element 1 is held by pushing the four corners of 
the core 22 of the inductor element 1 on the steps consisting of projections 
51-:d3 of the piece 5 for a lead terminal until abutting to the projection 52 
Then, a lead wire 33 is inserted under the projection 53, pushed with the projec- 
tion 53 and the wire 33 is positioned and fixed. Then, immediately after the 
insulation coating of the lead wire 33 is separated by heat by causing a suffi- 
cient current to flow for the thermal separation, the connection of the wire 
33 and the piece 5 for the lead terminal is completed by causing a sufficient 
current to flow for welding the wire 33 and the projection 53. Then, externally 
molded, separated from a frame 6 for positioning and a small size inductor 
with the lead terminal is completed. 




2; ferrite core. 7: bridge frame. 21; through hole. 61: Riiide 
hole for positioning 



(54) MANUFACTURE OF THIN FILM BY CATALYTIC CVD METHOD AND 

DEVICE THEREFOR 
(11) 63-40314 (A) (43) 20.2.1988 (19) JP 

(21) Appl. No. 61-182827 (22) 5.8.1986 
(71) HIROSHIMA UNIV (72) HIDEKI MATSUMURA 

(51) Int. CV. H01L21/205,C23C16/24,C23C16/30,C23C16/44,H01L21/31//G03G5/08 

PURPOSE: To form a thin film at low temperature by a method wherein a cata- 
lytic body IS heated to a temperature lower than 800-2000'C and than the 
melting point thereof, a material gas is made to react therewith and, with 
a produced deposit used as a material, a thin film is deposited on a substrate 
heated to a room temperature to 500'C. 

CONSTITUTION: A catalytic body 4 heated to a temperature of 800--2000'C 
lower than the melting point thereof is disposed in the flow of a material gas 
supplied through a material gas supply conduit 1, and thereby at least part 
of the material gas is caused to show catalytic reaction or pyrolytic reaction, 
so as to produce a deposit or a precursor thereof. This material is carried 
onto a substrate held by a holder 5, and it is deposited thereon to form a thin 
film^By setting the temperature of the substrate at a room temperature to 
5(^0-a preferably at about 150-400'C, efficient and accurate formation of the 
nlm IS achieved. 
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Claims 

1 . A film-forming method using catalyst CVD method characterized by the following 
facts: a catalyst is heated to a temperature in the range of 800°C to lower than 2000°C and lower 
than its melting point; with the aid of the superheated catalyst, at least part of the supplied raw 
material gas enables a catalytic reaction or a pyrolytic reaction; with the generated deposition 



seed or its precursor used as the raw material seed, a thin film is deposited using the hot CVD 
method on a substrate that has been heated [in a range] fi-om room temperature to about SOO'^C. 

2. The film-forming method using the catalyst CVD method described in Claim 1 
characterized by the fact that the superheating temperature of the aforementioned substrate is in 
the range of about 150-400°C. 

3. The film-forming method using the catalyst CVD method described in Claim 1 or 2 
characterized by the following facts: the aforementioned supplied raw material gas contains a 
basic gas for deposition, which is at least one type of silicon fluoride type gas selected fi-om the 
group of silicon difluoride SiF2 gas, silicon fluoride SinF2n+2 (where, n is a positive integer) gas, 
silicon fluorohydride SikFiHm (where, k, 1, m are positive integers, and 2k+2 = 1+m) gas, and a 
gas mixture consisting of hydrogen and at least one of the aforementioned gases; the deposited 
film contains amorphous, microcrystalline, or polycrystalline silicon. 

4. The film-forming method using the catalyst CVD method described in Claim 3 
characterized by the fact that the aforementioned supplied raw material gas contains silicon 
dihydride difluoride. 

5. The film-forming method using the catalyst CVD method described in Claim 3 
characterized by the fact that the aforementioned supplied raw material gas contains Si2F6. 

6. The film-forming method using the catalyst CVD method described in Claim 1 or 2 
characterized by the following facts: the aforementioned supplied raw material gas contains a 
basic gas for deposition, which is at least one type of silicon hydride type gas selected from the 
group of silicon hydride SinH2n+2 (where, n is a positive integer) and a gas mixture consisting of 
hydrogen and silicon hydride; the deposited film contains amorphous, microcrystalline, or 
polycrystalline silicon. 

7. The film-forming method using the catalyst CVD method described in Claim 6 
characterized by the fact that the aforementioned silicon hydride is silane SilLj. 

8. The film-forming method using the catalyst CVD method described in any of Claims 
3-7 characterized by the following facts: the aforementioned supplied raw material gas contains a 
basic gas for deposition, which is at least one type of germanium type gas selected fi*om the 
group of germanium difluoride GeF2 gas, germanium fluoride GenF2n+2 (where, n is a positive 
integer) gas, germanium hydride GenH2n+2 gas (where, n is a positive integer), germanium 
fluorohydride GekF[i]Hn, (where, k, 1, m are positive integers, and 2k+2 l+m) gas, and gas 
mixture consisting of hydrogen and at least one of the aforementioned gases; the deposited film 
is silicon germanium SiGe. 



* [Numbers in margin represent pagination in the foreign document.] 



3 



9. The film-forming method using the catalyst CVD method described in any of Claims 
3-7 characterized by the following facts: the aforementioned supplied raw material gas contains a 
basic gas for deposition, which is at least one type of hydrogen carbon gas selected from the 
group of CH2 gas, Cntim (where, n is a positive integer of 2 or larger) gas, CnH2-f2 (where, n is a 
positive integer), CkFihm (where, k, 1, m are positive integers, and 2k+2 = 1+m) gas, and gas 
mixture consisting of hydrogen and at least one of the aforementioned gases; the deposited film 
is silicon carbide SiC. 

10. The film-forming method using the catalyst CVD method described in any of Claims 
3-7 characterized by the following facts: the aforementioned supplied raw material gas contains a 
basic gas for deposition, which is at least one type gas containing tin selected from the group of 
SnF2 gas, SnnF2n+2 (whcre, n is a positive integer), Snn H2n+2 (where, n is a positive integer), 
SnkFihm (where, k, 1, m are positive numbers, and 2k-f 2 = 1+m) gas, and a gas mixture consisting 
of hydrogen and at least one of the aforementioned gases; the deposited film is silicon tin SiSn. 

11. The film-forming method using the catalyst CVD method described in any of Claims 
3-7 characterized by the following facts: the aforementioned supplied raw material gas contains 
at least one type of nitrogen-containing gas selected from the group of nitrogen gas, nitrogen 
hydride, and nitride halide and/or at least one type of oxygen-containing gas selected from the 
group of oxygen gas and hydrogen oxide; the deposited film contains silicone nitride, silicon 
oxide, or silicon nitride oxide. 

12. The film-forming method using the catalyst CVD method described in Claim 1 1 
characterized by the fact that the aforementioned nitrogen hydride is ammonia NH3 and 
hydrazine N2H4, the nitrogen halide is nitrogen trifluoride NF3, and the hydrogen oxide is water 
and hydrogen peroxide. 

13. The film-forming method using the catalyst CVD method described in Claim 1 or 2 
characterized by the following facts: the aforementioned supplied raw material gas contains a 
basic gas for deposition, which is at least one type of carbon type gas selected from the group of 
hydrocarbon gas, gas mixture of hydrocarbon and hydrogen, and gas mixture of carbon halide 
and hydrogen; the deposited film is contains amorphous, microcrystalline, or polycrystalline 
silicon. 

14. The film- forming method using the catalyst CVD method described in Claim 13 
characterized by the fact that the aforementioned supplied raw material gas is selected from 
saturated hydrocarbon CnH2n+2 (where, n is a positive integer), unsaturated hydrocarbon (C Jian 
(where, n is a positive integer), and gas mixtures consisting of the aforementioned hydrocarbons 
and hydrogen. 

15. The film-forming method using the catalyst CVD method described in Claim 1 or 2 
characterized by the fact that the aforementioned supplied raw material gas contains a basic gas 
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for deposition, which is a gas mixture consisting of an aluminum compound gas and a hydrogen 
compound gas selected from the oxides and nitrides of hydrogen, and the deposited film is 
aluminum oxide, aluminum nitride, or aluminum nitride oxide. 

16. The film-forming method using the catalyst CVD method described in Claim 15 
characterized by the fact that the aforementioned aluminum compound is selected from trimethyl /3 
aluminum and aluminum halide, the hydrogen oxide is selected from water and hydrogen 

peroxide, and the hydrogen nitride is selected from ammonia NH3 and hydrazine N2H4. 

17. The film-forming method using nitride catalyst CVD method described in any of 
Claims 1-16 characterized by the fact that the aforementioned catalyst is made of at least one 
type of material selected from the group of tungsten, thoria-containing tungsten, platinum, 
palladium, molybdenum, silicon, alumina, silicon carbide, and metal deposited ceramics. 

18. The film-forming method using nitride catalyst CVD method described in Claim 17 
characterized by the fact that the heating temperature of the catalyst is in the range of 

1 100-1800°C and is lower than the melting point of the catalyst. 

19. The film-forming method using nitride catalyst CVD method described in any of 
Claims 1-18 characterized by fact that the catalyst is heated in a water spray atmosphere. 

20. A film forming device using nitride catalyst CVD method characterized by the 
following facts: the device is constituted with a heat-resistant deposition chamber, which has a 
raw material supply pipe and a hydrogen gas supply pipe at one end and an exhaust pipe at the 
other end; a heat-resistant holder for carrying the substrate and a catalyst body that is arranged at 
an appropriate close distance to the holder and opposite to the holder are accommodated in the 
deposition chamber; the device also has a heating means, which can heat the substrate to a 
controlled temperature, and a means for detecting the temperature of the substrate; heat radiation 
of the catalyst body and the temperature of the substrate heated by the aforementioned heating 
means are detected, and the aforementioned heating means is controlled appropriately to keep the 
temperature of the substrate on the set level. 

21 . The film forming device using nitride catalyst CVD method described in Claim 20 
characterized by the fact that the aforementioned heating means is absent, and the arrangement 
between the catalyst body and the substrate is fixed so that the temperature of the substrate is 
kept on the set level depending on the heat radiation of the catalyst body which has been heated 
to a controlled temperature. 

22. The film forming device using the catalyst CVD method described in Claim 20 or 21 
characterized by the fact that the aforementioned heat-resistant deposition chamber is a cylinder, 
the aforementioned heat-resistant holder is a boat, and both of them are made of quartz, 
highly-pure silicon carbide, or highly-pure alumina. 
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23. The film forming device using the catalyst CVD method described in Claim 20 or 21 
characterized by the fact that the heat-resistant deposition chamber and the heat-resistant holder 
are made of stainless steel. 

24, The film forming device using the catalyst CVD method described in any of Claims 
20-23 characterized by the fact that the catalyst body is made of at least one type of material 
selected fi-om the group of tungsten, thoria-containing tungsten, platinum, palladium, 
molybdenum, silicon, alumina, silicon carbide, and metal deposited ceramics. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to method and device for forming high-quality films by 
depositing silicon or other semiconductor, or insulator made of ceramics, or conductor made of 
carbon or metals using a chemical vapor deposition (referred to as CVD hereinafter) method. In 
particular, the present invention pertains to a film-forming method defined as a catalyst CVD 
method, in which the raw material seed generated from a raw material gas as a result of a 
catalytic reaction is deposited on a substrate by using a hot CVD method in a low temperature 
region, and pertains to the device used for this method. 

Prior art 

As a method for forming films, especially, silicon films, the CVD method has been used 
widely for formation of gate electrode wiring, resistor, interlayer insulating film, or other 
electronic devices. Along with development of highly-functional devices in recent years, many 
technologies are being studied in order to achieve complete crystal epitaxy to form films with 
few internal defects. However, due to thermal diffusion, the high-temperature CVD method is 
unable to meet the demand on film thickness and highly-accurate doping distribution 
corresponding to development of superfine devices. How to lower the temperature of the CVD 
method is a serious problem in the industrial field. Also, it is a well-known fact that silicon oxide 
Si02 or silicon nitride Si3N4 film is a desirable choice for the passivation film formed on wiring 
layers. However, since Si3N4 film is usually deposited at a high substrate temperature in the 
range of 700-850*^C as a result of a chemical reaction SiH2Cl2+NH3 $13^4 by using the /4 
reduced pressure CVD method, it cannot be formed on aluminum wiring with a lower melting 
point than silicon nitride. Consequently, it is also important to lower the temperature from this 
point of view. 

In recent years, the plasma CVD method, which uses plasma generated by means of glow 
discharge to excite and decompose raw material gas, and the optical CVD method, which uses 
light with a special wavelength to decompose the raw material gas, have been developed as 
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methods for lowering the temperature. In the case of the plasma CVD method, however, the 
formed film itself or the interface when the film is formed in muhiple layers will be damaged by 
the plasma. As a resuh, improvement in the characteristics of the film is limited. On the other 
hand, in the optical CVD method, since film is deposited on a window through which light is 
transmitted, problems related to a decrease in the transmissivity of the light to the substrate and 
stability of the light source itself might occur. 

In addition, silicon-containing film containing amorphous silicon, etc. obtained by glow 
discharge decomposing silane has attracted a lot of attentions as an inexpensive material for a 
solar battery. However, when several layers of films are laminated in order to improve the 
efficiency of the solar battery, the interface between the layers might be damaged by the plasma. 
Consequently, it is desired to develop a new low-temperature film-forming method free of the 
problems of the aforementioned glow discharge decomposition method and optical CVD 
method. 

Problems to be solved by the invention 

The main objective of the present invention is to solve the aforementioned problems of 
the conventional technologies by providing a method which can form high-quality 
semiconductor, insulator, or conductor films with significantly reduced internal defects at an 
appropriate deposition rate by using a hot CVD method in low temperature region to avoid high 
temperature that might cause problems due to thermal diffusion and without using plasma that is 
harmful to quality or the gas excitation method that uses optical energy, etc. and has technical 
difficulties. The ultimate objective of the present invention is to not only realize the possibility of 
fine processing of super LSI, etc. and develop highly-integrated and high-quality electronic 
devices, but also to develop high-quality solar batteries or other thin film devices by performing 
film deposition in a simple manner at low cost to form films with highly-accurate film thickness 
and doping distribution particularly in the industrial field of electronics by stabilizing the film 
forming process and simplifying the film forming device. 

Means to solve the problems 

In order to realize the aforementioned objectives, the present invention provides a method 
characterized by the following facts: characterized by the following facts: a catalyst is heated to a 
temperature in the range of 800°C to lower than 2000'^C and lower than its melting point; with 
the aid of the superheated catalyst, at least part of the supplied raw material gas has a catalytic 
reaction or a pyrolytic reaction; with the generated deposition seed or its precursor used as the 
raw material seed, a thin film is deposited using the hot CVD method on a substrate that has been 
heated from room temperature to about 500°C, preferably, about 150-400°C. 
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In the present specification, the deposition method disclosed in the present invention is 
defined and called the "catalyst CVD method". 

The present invention is a result of further improving and developing a previous 
invention proposed by the present inventor, that is, Japanese Patent Application No. Sho 
60[1985]-1 16762. The aforementioned previous invention pertains to a silicon-containing film- 
forming method and a device used for this method characterized by the following facts: a seed 
obtained by decomposing hydrogen H2, silane SiH4, disilane SiaHe, ammonia NH3, or hydrazine 
N2H4 with a thermal reaction, plasma reaction, or optical reaction is mixed with silicon difluoride 
SiF2, silicon monofluoride SiF, or other seed in an intermediate state; the raw material gas 
mainly composed of the aforementioned gas mixture is pyrolyzed and deposited to form a 
silicon-containing film. The present inventor has performed extensive research on the processing 
conditions of this method. The following resuHs were discovered as a result of this research. As 
described at the beginning of the present section, an appropriately selected catalyst is heated to a 
temperature in a specific range, that is, in the range of 800°C to lower than 2000^C and lower 
than the melting point of the catalyst. The source gas, that is, the supplied raw material gas is 
brought into contact with the heated catalyst, and at least part of the raw material gas becomes a 
deposition seed or its precursor as a result of the catalytic reaction or pyrolytic reaction. With the 
obtained deposition seed or its precursor used as the raw material seed, a film is deposited on a 
low-temperature substrate, which has been heated fi*om room temperature to about 500°C, 
preferably, about 150-400°C. When this method is used, a high-quality film can be formed easily 
without using plasma or gas excitation performed with optical energy or requiring special 
measures for isolating the substrate fi*om the influences of the aforementioned plasma and optical 
energy. The present invention was achieved based on the aforementioned research. Also, the 
present invention significantly expands the application range of the raw material gas specified in 15 
the previous invention to diversify the types of the films that can be formed. 

The method, which starts a hot catalytic reaction between the heated metal and hydrogen 
gas near the substrate during film formation to generate hydrogen atoms as a method for mixing 
hydrogen into the film formed with the hot CVD method, has been used conventionally to form a 
diamond-like carbon film, etc. For example, as described in Matsumoto, et al.: Association of 
Applied Physics of Japan, Vol. 21, No. 4 (April 1982) L183-L185, by using a gas mixture of 
CH4 and H2 as a raw material gas and a device having tungsten arranged as a catalyst near a 
substrate, a diamond-like carbon film is formed under the conditions of substrate temperature: 
800°C or higher and tungsten heating temperature: 2000°C. However, based on the fact that the 
substrate temperature is set at a high temperature of 800*^C at which CH4 can form film using the 
conventional hot CVD method in the absence of catalyst, it is clear that the aforementioned 
method does not include or suggest the technical idea of the present invention; that is, by taking 
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advantage of the catalytic reaction or pyrolytic reaction realized by using a catalyst, it is possible 
to deposit film in a temperature range that is significantly lower than the temperature at which 
deposition can be performed in the conventional hot CVD method. Although the tungsten 
heating temperature is set at 2000°C, as to be described later, this temperature is too high from 
the point of forming high-quality film and suppressing mixing of tungsten into the film to such a 
degree that the mixed tungsten will not affect the electrical characteristics of the film. Based on 
this fact, it is clear that the aforementioned method has no intention at all to approach the main 
idea of the present invention, that is, by taking advantage of a catalytic reaction or a pyrolytic 
reaction carried out using a catalyst, high-quality films with excellent electrical characteristics 
can be deposited at low temperature using the hot CVD method. In particular, the CVD method 
using the conventional catalyst has basically different temperature conditions from the catalyst 
CVD method disclosed in the present invention. The functions and effects of these two methods 
are also different. 

The raw material gas that is applicable to the method of the present invention includes all 
of the gases which can be pyrolyzed on the surface or near a catalyst that has been heated to a 
prescribed temperature, or whose decomposition reaction can be accelerated by the hydrogen 
atoms generated as a result of the hot pyrolytic reaction with a catalyst, or which can have a hot 
catalytic reaction with a catalyst themselves. 

The films that can be formed with the method of the present invention include 
silicon-containing films, carbon-containing films, films containing aluminum, germanium, tin, or 
other metals, and all of the films that can be formed using the raw material gases that are 
applicable to the present invention. 

As a basic requirement for the raw material gas that is applicable to the method of the 
present invention, the raw material gas should be able to have a catalytic reaction or a pyrolytic 
reaction at a catalyst temperature lower than 2000°C. The important examples of the raw 
material gas that can be used in the present invention include those containing a basic gas for 
deposition, which is at least one type of silicon fluoride gas selected from the group of silicon 
difluoride SiF2 gas, silicon fluoride SinF2n+2 (where, n is a positive integer in the range of 1-4) 
gas, silicon fluorohydride SikFiHm (where, k, 1, m are positive integers, and 2k+2 l+m) gas, and 
a gas mixture consisting of hydrogen and at least one of the aforementioned gases. The films 
deposited using these raw material gases include amorphous semiconductors of amorphous 
silicon (a-Si), or their microcrystallized products, or their polycrystallized products. The most 
preferred raw material gases among the aforementioned examples are those containing silicon 
difluoride SiF2 gas, silicon dihydride difluoride SiF2H2 gas, or disilicon hexafluoride Si2F6 gas. 

Other preferred examples of the raw material gases used for forming the aforementioned 
silicon semiconductor films include those containing a basic gas for deposition, which is at least 
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one type of silane-based gas selected from the group of silicon hydride SinH2n+2 (where, n is an 
integer in the range of 1-2), especially, SiH4, and a gas mixture consisting of the silicon hydride 
and hydrogen. 

When at least one type of germanium type gas selected from the group of germanium 
difluoride GeF2 gas, germanium fluoride GenF2n+2 (where, n is a positive integer in the range of 
1-3) gas, germanium hydride GenH2n+2 gas (where, n is a positive integer), germanium 
fluorohydride GekFiHm (where, k, 1, m are positive integers, and 2k+2 = l[+m]) gas, and gas 
mixture consisting of hydrogen and at least one of the aforementioned gases is added into the /6 
aforementioned silicon fluoride gas or silicon hydride gas, the deposited film becomes 
amorphous silicon germanium (a-SiGe) or its microcyrallized or polycrystallized semiconductor. 

When at least one type hydrocarbon gas selected from the group of CH2 gas, CnH2n 
(where, n is a positive integer in the range of 2-20) gas, especially, C2H4 gas, CnH2n+2 (where, n 
is a positive integer in the range of 1-20) gas, CkFihm (where, k, 1, m are positive integers, and 
2k+2 = 1+m) gas, and gas mixture consisting of hydrogen and at least one type of the 
aforementioned gases is added into the aforementioned silicon fluoride gas or silicon hydride 
gas, the deposited semiconductor becomes amorphous silicon carbide (a-SiC), or its 
microcrystallized or polycrystallized semiconductor. 

When at least one type of gas containing tin selected from the group of SnF2 gas, SnnF2n+2 
(where, n is a positive integer in the range of 1-2), SnnH2n+2 (where, n is a positive integer), 
SnkFihm (where, k, 1, m are positive numbers, and 2k+2 = 1+m) gas, and a gas mixture consisting 
of hydrogen and at least one of the aforementioned gases is added into the aforementioned 
silicon fluoride gas or silicon hydride gas, the deposited film becomes amorphous silicon tin 
(a-SiSn), or its microcrystallized or polycrystallized semiconductor. 

When a gas mixture prepared by adding at least one type of nitrogen-containing gas 
selected from the group of nitrogen gas; nitrogen hydride, preferably, ammonia NH3 and 
hydrazine N2H4; and nitrogen halide, preferably, nitrogen trifluoride NF3; and/or at least one type 
of oxygen-containing gas selected from the group of oxygen gas and oxygen hydride, preferably, 
water and hydrogen peroxide, into the aforementioned silicon fluoride gas or silicon hydride gas 
is used, the deposited film becomes silicon nitride in the case of using nitrogen-containing gas, 
or silicon oxide in the case of using oxygen-containing gas, or silicon nitride oxide in the case of 
using both. 

Also, the supplied raw material gas that is applicable to the method of the present 
invention can contain a basic gas for deposition, which is at least one type of 
hydrogen-containing carbon type gas selected from the group of hydrocarbon gas, preferably, 
paraffin type hydrocarbon represented by CnH2n+2 (where, n is an integer in the range of 1-20) or 
unsaturated hydrocarbon represented by CnH2n; gas mixture of hydrocarbon and hydrogen; and 
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gas mixture consisting of hydrogen and halogen substituted hydrocarbon having up to two 
carbon atoms in each molecule. In this case, the deposited film becomes an amorphous carbon 
(a-C) or its microcrystallized or polycrystallized carbon-containing film. 

The raw material gas can also contain a gas mixture, which consists of an aluminum 
compound gas and a hydrogen compound gas selected from the oxides and nitrides of hydrogen, 
as the basic gas for deposition. The film deposited in this case becomes an insulating film made 
of aluminum oxide in the case of using a gas mixture formed with a hydrogen oxide, or made of 
aluminum nitride in the case of using a gas mixture formed with a hydrogen nitride, or made of 
aluminum nitride oxide in the case of using a gas mixture formed with both. Examples of the 
aluminum compounds that can be used in this case include trimethyl aluminum A1(CH3)3 or 
hexamethyl aluminum Al2(CH3)6, and aluminum halide, such as AICI3, AIF3, etc. Typical 
examples of hydrogen oxide include water and hydrogen peroxide. Typical examples of 
hydrogen nitride include ammonia NH3 and hydrazine N2H4. 

Operation 

In the method of the present invention, a heated catalyst is first arranged in the flow of 
the aforementioned raw material gas that reaches a substrate where the film is to be deposited. 
When the raw material gas makes contact with the catalyst, a catalytic reaction or pyrolytic 
reaction occurs in at least part of the raw material gas to generate a deposition seed or its 
precursor. The substrate is usually supported on a holder, such as quartz boat or susceptor. The 
catalyst is set at an appropriate distance to the substrate and opposite to the substrate. In this 
case, it is preferred that the catalyst be made of at least one type material selected fi*om the group 
of tungsten, thoria-containing tungsten, platinum, palladium, molybdenum, silicon, alumina, 
silicon carbide, and metal deposited ceramics. It is particularly preferred that the catalyst itself is 
a resistance heating element. In most cases, it is used together with another heating element. 

The heating temperature of the catalyst is important. In the case of a metal catalyst, the 
heating temperature must be 800°C or higher and lower than the melting point of the metal or 
have an upper limit lower than 2000°C if the material has a high melting point. If the heating 
temperature is lower than 800°C, the catalytic reaction or pyrolytic reaction of the raw material 
gas becomes insufficient, and the deposition rate tends to become low. If the heating temperature 
is 2000°C or higher, the catalyst material will mix into the deposited film to adversely affect the 
electrical characteristics of the film. As a result, the quality of the film will deteriorate 
significantly. If the heating temperature is higher than the melting point of the catalyst material, 
the form stability of the catalyst will be lost. Therefore, such a situation must be avoided. It is 
preferred that the heating temperature be lower than the melting point of the catalyst material and 
in the range of 1100-1800^C. 
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The raw material seed composed of the deposition seed or its precursor generated when 
the raw material gas is decomposed after having contact with the heated catalyst or generated 
under the accelerating function of the hydrogen atoms generated by the catalytic reaction is 
transferred onto the substrate as a new material and is deposited to form a film. In this case, the 
film can be formed efficiently and accurately at a substrate temperature in the range of room 
temperature to about 500°C, preferably, in the range of about 1 50-400°C. As opposed to the 
conventional hot CVD method that requires a deposition temperature of about 600-900'^C, the 
fact that hot CVD can be carried out at such a low temperature without using plasma or gas 
excitation depending on optical energy, etc. is really amazing. 

When manufacturing amorphous silicon or other amorphous semiconductors at a 
substrate temperature of about 400°C or higher, hydrogen will be diffused, aggravating the 
tendency toward electric defects. When the substrate temperature exceeds about 500°C, if the 
film is used as a passivation film for an integrated circuit produced with a low-temperature 
process, the accuracy of the doping distribution will deteriorate under the influence of thermal 
diffusion. 

The method of the present invention can be carried out either under reduced pressure or 
under normal pressure. Also, in the regular operating state (while the raw material gas is being 
supplied), there is virtually no catalyst mixing into the deposited film as long as the 
aforementioned temperature condition of the catalyst is retained. However, heating the catalyst 
before the raw material gas is supplied will cause mixing of the catalyst into the film. It has been 
confirmed by the present inventor that this problem can be solved by heating the catalyst in a 
hydrogen gas atmosphere. Consequently, it is particularly preferred to first fill the reaction 
system with hydrogen gas and then heat the catalyst, followed by supplying the raw material gas 
with hydrogen gas used as carrier gas. 

A preferable device used for embodying the aforementioned method is characterized by 
the following facts: the device is constituted with a heat-resistant deposition chamber, which has 
a raw material supply pipe and a hydrogen gas supply pipe at one end and an exhaust pipe at the 
other end; a heat-resistant holder for carrying the substrate and a catalyst body that is arranged at 
an appropriate close distance to the holder and opposite to the holder are accommodated in the 
deposition chamber; the device also has a heating means, which can heat the substrate to a 
controlled temperature, and a means for detecting the temperature of the substrate; heat radiation 
of the catalyst body and the temperature of the substrate heated by the aforementioned heating 
means are detected, and the aforementioned heating means is controlled appropriately to keep the 
temperature of the substrate on the set level. 
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In the following, the embodiment of the present invention will be explained in more 
detail with reference to a detailed example of the device of the present invention shown in 
figures. 

Application example 

Figure 1 is a schematic diagram illustrating an example of the device disclosed in the 
present invention. Raw material gas and hydrogen gas are fed into a heat resistant deposition 
chamber (2), such as a cylinder made of stainless steel, preferably, quartz, highly-pure silicon 
carbide, or highly-pure alumina, from one end through raw gas supply pipe (1) and hydrogen 
through supply pipe (V), both of which are equipped with flow rate adjuster. The other end of the 
deposition chamber is connected to an exhaust means, such as an exhaust pump, by exhaust pipe 
(8). A heat-resistant holder (3), such as a susceptor or boat made of stainless steel, or preferably, 
quartz, highly-pure silicon carbide, or highly-pure alumina, used for the holding substrate as well 
as catalyst (4) that is set at an appropriate close distance and opposite to said holder (3) are 
accommodated in deposition chamber (2). The device may also have a means for heating the 
substrate, such as an external heating means (6) that surrounds the deposition chamber. The 
external heating means can be an electric heater or IR lamp, etc. The substrate heating means can 
also be arranged in contact with or close to the aforementioned substrate holder in the deposition 
chamber. 

The device of the present invention also has a substrate temperature detecting means (5), 
such as a thermocouple arranged in the transverse sealed quartz tube of heat-resistant holder (3), 
and a heating means for heating the catalyst to the controlled temperature. In the present 
application example, the catalyst is made of an electroconductive substance and is a resistance 
heating element itself An electric heating means (7), such as an electric circuit including a 
variable resistor, is used as the heating means. If the catalyst is an insulator, it is also possible to 
use a separate heating element, such as an electric heating wire, together with the catalyst to heat 
(heat) the catalyst. 

In the device shown in the figure, the temperature is controlled by first supplying electric 
power to the catalyst to perform resistance heating to maintain the temperature at the set level. 
Since the catalyst and the substrate are arranged opposite to each other at an appropriate close 
distance, the substrate is heated by the heat radiation of the heated catalyst. The temperature of 
the substrate is detected by detecting means (5). If the temperature does not reach the desired 
level, heating means (6) is operated and controlled to maintain the substrate at an appropriate 
temperature. It is not difficult to a specialist to design the arrangement relationship between the 
catalyst and the substrate in such a way that the substrate can be maintained at an appropriate 
temperature only depending on the heat radiation of the catalyst. At that time, there is no need to 
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operate heating means (6) at all. In some cases, use of the heating means can be omitted to 
simplify the device and rationalize the operation. 

The aforementioned temperature control can be automated by using a conventional 

means. 

The device for embodying the method of the present invention is not limited to the one 
shown in the figure. For example, it is also possible to use a device with a hot catalyst and a 
substrate susceptor arranged in a stainless steel chamber. 

Application Example 1 

As an example of film formation using the device of the present invention shown in 
Figure 1, Figure 2 shows the results of forming an a-Si film using a gas mixture of SiH2F2 and H2 
as the raw material gas. The figure shows the film forming rate, dark conductivity Od, 
photoconductivity Aa, and photosensitivity Aap/od as functions of H2 flow rate versus the 
SiH2F2 flow rate. The substrate temperature Ts is 300''C, and the catalyst is set at a distance of 
about 2 cm right above the substrate. The substrate temperature is obtained from the heat 
radiation of the catalyst. Tungsten containing 2% thoria is used as the catalyst. The surface 
temperature of the catalyst is about 1400°C. The pyrolysis temperature of SiH2F2 gas is 500°C or 
higher. When using the conventional hot CVD method that uses no catalyst, there is almost no 
film deposited at a substrate temperature of 300°C. If the catalyst CVD method of the present 
invention is used, however, the film can be deposited at a high rate exceeding 10 A/sec. The 
formed a-Si film also has a high quality with a photosensitivity of 10^. 

Application Example 2 

Figure 3 shows the relationship between surface temperature of the catalyst and the film 
forming rate of the amorphous-silicon (a-Si:H) film to be formed in the case of using a gas 
mixture of SiH4 and H2 as the raw material gas and keep the substrate temperature Ts in the 
range of 285-300°C and using thoria-containing tungsten as the catalyst. In the case of forming 
an a-Si:H film by glow discharge decomposing silane, the film forming rate is usually several 
A/sec. In this case, however, even if the substrate temperature is 300°C or lower, a high 
film-forming rate exceeding 10 A /sec can be obtained. If SiHLi is used as the raw material gas in 
the conventional hot CVD method that uses no catalyst, it is known that almost no silicon is 
deposited at a low temperature of 500°C or lower. In the present application example, the 
features of the method of the present invention as a low-temperature deposition method are 
displayed. 
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A pplication Example 3 

Figure 4 shows the film forming rate as well as photoconductivity Aop and dark 
conductivity aa as the functions of the mixing H2 flow rate for an amorphous silicon film formed 
when the flow rate of SiH4 is set at 40 seem, the substrate temperature is set in the range of 
285-300°C, the current used for directly heating the catalyst is in the range of 9.5-10 A, and the 
surface temperature of the catalyst is set in the range of 1200-1350''C as shown in Figure 3. 

Generally speaking, in the same measurement, a Aop of 10^ (Q-cm)'* is one of the 
conditions for good amorphous silicon. The amorphous silicon formed by the method of the 
present invention satisfies this condition. 

A pplication Example 4 

The key to obtaining high-quality film in the catalyst CVD method of the present 
invention is to suppress or control mixing of the catalyst into the film. Figure 5 shows the 
photosensitivity as a function of surface temperature of tungsten in the case of depositing a-Si 
using a gas mixture of SiFa and H2 as the raw material gas and using tungsten as the catalyst. The 
figure shows deterioration in the photosensitivity caused by mixing of the catalyst into the film 
when the surface temperature of the catalyst exceeds 2000*^C as long as there is no special shield 
plate placed between the catalyst and the substrate. 

A pplication Example 5 

Mixing of the catalyst into the film can be suppressed or controlled by the atmosphere 
gas used during catalyst heating. Figure 6 shows the results of observing the situation of mixing 
of a catalyst tungsten W into a film formed when tungsten is used as the catalyst that is heated in 
H2 flow and Ar flow during the time before deposition of the film is started. The observation is 
made with the back scattering method with 2.5 MeV He used as probe ions. As shown in this 
figure, mixing of W into the film can be suppressed when the catalyst is heated in H2 flow. On 
the other hand, in the initial stage of film deposition performed in Ar flow, although a gas 
mixture of SiF2 and H2 is used as the raw material gas for film deposition, mixing of W is 
observed until the raw material gas containing H2 is supplied. 

Effect of the invention 

Since the film formed using the method and device of the present invention does not 
receive the damage caused by plasma, etc., the a-Si films obtained in the aforementioned 
examples have few defects and [are of] high quality. Consequently, if the formed film is an 
amorphous semiconductor, it can be used for a solar cell, electronic photoreceptor, thin film 
transistor, image pick-up tube, etc. Also, if the formed film is an insulator, such as silicon nitride, 
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silicon oxide, or aluminum nitride, it can be widely used as a field insulating film for an 
integrated circuit, mask for partial oxidation, insulation coating film, coating film used during 
heat treatment of GaAs, and other electronic devices. If the film formed with the method and 
device of the present invention is a carbon film, it can be used for a chemical resistant coating 
film, high resistance film, and large-area heating element, etc. In addition, if the film is a metal 
film, it can be used for a metal coating film or as wiring metal in electronic devices. 

The present invention provides a unprecedented new film forming technology, and the 
effects of the present invention are significant in the electronic industry. 

Brief description of the figures 

Figure 1 is a schematic diagram illustrating the embodiment of the device disclosed in the 
present invention. 

Figure 2 is a diagram illustrating the film-forming rate and photoconductive 
characteristics as the functions of the flow rate of the raw material gas in the case of forming an 
amorphous silicon film using the method of the present invention. 

Figure 3 is a diagram illustrating the relationship between the surface temperature of the 
catalyst and the film-forming rate in an example of the method disclosed in the present invention. 

Figure 4 is a diagram illustrating the dependency of film-forming rate and 
photoconductive characteristics on the H2 flow in an example of the method disclosed in the 
present invention. 

Figure 5 is a diagram illustrating deterioration in the photoconductivity caused by mixing 
of the catalyst into the deposited film. 

Figure 6 is a diagram illustrating the situation of suppressing mixing of the catalyst into 
the deposited film in a preferable embodiment of the method disclosed in the present invention. 
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3 Substrate temperature 

4 Surface temperature of the catalyst 

5 (H2 flow rate)/(SiH2F2 flow rate) 



18 



Q to 




iOOO 1200 f400 



Figure 3 

Key: 1 Current of the catalyst heater ' 

2 Film forming rate 

3 Surface temperature of the catalyst 

4 Catalyst CVD 

5 SiH4 flow rate 

6 H2 flow rate 

7 Substrate temperature 

8 Gas pressure 
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Figure 4 



Key: 1 Film forming rate 

2 Photoconductivity 
2a And 

3 Dark conductivity 

4 SiH4 flow rate 

5 Substrate temperature 

6 Current of the catalyst heater 

7 Gas pressure 

8 H2 flow rate 
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Figure 5 



Key: 1 
2 
3 



Photosensitivity 

Case of forming a-Si with a gas mixture of SiF2 and H2 used as raw material gas 
Surface temperature of the catalyst 
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Figure 6 

Key: 1 Number of back scattering particles (number/channel) 

2 Energy spectrum of back scattering method using 2.5 MeV helium ions as probe 
ions 

3 Distribution of Si in the film 

4 Distribution of W 

5 In Ar flow 

6 In H2 flow 

7 Energy of back scattering particles = number of channels (relative value) 



